WD 02/ 44132 PCT/ EP01/ 13939 A PROCESS FOR THE PREPARATI ON OF | OPAM DOL AND
THE NEW | NTERVEDI ATES THEREIN The present invention relates to a new
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the corresponding S-unsubstitued amino derivative and to the new
5 intermediates obtained in said process.
BACKGROUND OF THE INVENTION
(S)-N,N’-bis[2-hydroxy-1-(hydroxymethyl)ethyl]-5-[(2-hydroxy- 1-

oxopropyl)amino]-2,4,6-triiodo-1,3-benzenedicarboxamide of formula (I) .
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which is known as Iopamidol, is one of the most widely employed non-ionic
10  radiographic contrast agents in the world.
It was first described in GB1472050, where its synthesis by the process

outlined in the following Scheme has been reported:
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above process, that is still widely enployed industrially, has anyway
several dvawbaagks. One of themis the introduction of therpr/arect’es chiral
synton (S)-2- (acetyloxy)propanoyl on the 5-amino group at an early stage
of the overall 5 process, i.e. before“the amdation with
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preferential acylation of the more reactive hydroxy groups of the carboxamido

10  substituents, thus causing remarkable wasting of expensive reactant.
WO 00/50385 has recently described a process for the preparation of
polyhydroxy compounds (including i.a. iopamidol ) comprising the step of
deacylating, under acidic conditions, an acylated compound having the

formula:
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wherein R, and Rs are optionally acylated dihydroxyalkyl groups, Ry is alkyl

and Rj is i.a. a methyl group.
According to WO 00/50385 the acid used in this deacylation reaction is
then removed by batch treatment with an acid scavenging resin; an aqueous
20  solution of the thus obtained product is purified by passing through a non-
ionic polymeric adsorbent resin; the eluate is concentrated to an oil; and the
oil is crystallised from acetonitrile/ethanol or ethanol.
The above method is said to reduce racemization at the chiral carbon

that — according to WO 00/50385 — occurs whenever basic conditions are



oil is crystallised fromacetonitrile/ethanol or ethanol. The above net hod
is said to reduce racem zation at the chiral carbon that - according to WO
00/ 50385 woorea183 whenever basic conditions are WO 02/ 441BeT/RON/BP®1/ 13939
3 enployed to renove the R6CO prot ecti3ng group of the chiral substituent.
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SUMMARY OF THE INVENTION
It has now been found, and represents a first object of the present

15 invention, that it is possible to carry out the deacylation of a pentacylated
iopamidol, under basic conditions getting a final product, iopamidol, that has
an extremely high optical purity.

Furthermore, it has been found that according to the process of the
present invention it is not necessary to isolate the pentacylated product;

20 more particularly, it has been found that introducing the (S)-2-
(acetyloxy)propanoyl substituent onto the 5-amino group of a N,N’-bis[2-
hydroxy-1-(hydroxymethyl)ethyl]-2,4,6-triiodo-1,3-benzenedicarboxamide
wherein the hydroxy groups of the carboxamido substituents have been
suitably acylated and then removing all the acyl groups under basic conditions

25 without isolating the intermediate product, the overall process does proceed
with very high yield.

Finally, it has been found that the process according to the present

invention can be employed, with some modification, also when protection of



Finally, it has been found that the process according to the present

i nvention can be enployed, with sone nodification, also when protection of
WO 02/ 44MQ oPQILEPOL/ 13939 4 the hydroxy groups of the chR€DBR@M3NMY
substituents is achieved by conversion 4of these groups into optionally
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OH HZN \(1i1)Nas well as the (S)- N,N’—bls(optlonally 2- monosubstltuted or 2,2-
disubstituted-1,3-dioxan-2-yl)-5-[2-acetoxy-1-(oxopropyl)amino]-2,4,6-
triiodo-1,3-benzenecarboxamides (IV) represent a further specific object of
the present invention.
10 DETAILED DESCRIPTION OF THE PRESENT INVENTION

A first object of the present invention is therefore a process for the

preparation of iopamidol (I)
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which process comprises

15 a) reacting the compound of formula (IT) with a suitable protecting agent,

to give a compound of formula (I11)



OH | O(ll) which process conprises 15 a) reacting the conpound of
formula (I1) with a suitable protecting agent, to give a conpound of
formul a WO DbY44&2 02/ 44132 PCT/EP01/13939 5 0 NHR | , | PENERHR39® | O
(I'11) wherein -Ris a group of forrruIaSA or B A-* OKXRL 02 5 OCOR3 B=
\ OCOR3 wherein RL is a hydrogen atom™ a C 1=C4 strai ght or branched al kyl

group or a Cl-'C4 straight or branched al koxy group, R2 is a hydrogen atom
a 10 C1=C4 straight or branched al kyl group or a Cl= C4 straight or
branched al koxy group and R3 is a Rs¥HEtrai ght or branched al kyl group,
atrifluoromethyl, or a trichlorogethyl group; b) acylating the am no
group in position 5 of the interne conpound of formula (111), by
reaction with a (S)-2-(acetyl oxy)propansbyl ngtf oride 15 to give a conpound
of formula (I1V) ONHR O1 , | N

I O
(IIT)

wherein -R is a group of formula A or B

O
R
_ R,
A-_*<:O R,
C OCOR,
B =
OCOR,

wherein R; is a hydrogen atom, a C,+C, straight or branched alkyl
group or a C;+C, straight or branched alkoxy group, R, is a hydrogen atom, a
‘ 10 C;+Cystraight or branched alkyl group or a C,+C, straight or branched alkoxy
group and Rj is a C1+Cy straight or branched alkyl group, a trifluoromethyl, or
a trichloromethyl group;
b) acylating the amino group in position 5 of the intermediate compound

of formula (III), by reaction with a (S)-2-(acetyloxy)propanoyl chloride

15 to give a compound of formula (IV)
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I
0 I
\T)LN NHR
oacH 1 0



NHR "JAN OAc HI O (1V) WO 02/44132 PCT/ EPO1/ 13939 6 wherein Ris as
defi ned above; and c) renoving all the acyl groups present in the conpound
of fornuiveo 0/M132 under basic conditions, with prior cleavhQPERI/L3B® cyclic
protections of the hydroxy carboxam do. substituents under acidic
conditions when R 5 is a group of forrﬁJIa A. The conmpound of formula (11)
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Wien, on the ’hand,” - R’ n the Compounds (111) represents a group  of
L9142 "2 ArRERIREL, 1858 o SRR B g ioaamons (1)
10 compound (II) is reacted with a compound which is suitably selected among

aldehydes, ketones (possibly in the corresponding acetal or ketal related
forms), orthoesters, or anhydrides, depending on the type of protecting group
to be introduced.
For instance when -R in the compounds (III) represents a group of
15 formula A, the compound (II) will be reacted with a di-(C;-C,)alkoxy-methane
when both R; and R, are hydrogen, with the suitably selected aldehydes or
ketones of formula R;COR; (possibly in the corresponding acetal or ketal
related forms) in the presence of a small amount of a tri-(C-Cy)alkyl
orthoformate as dehydrating agent when R; is a hydrogen atom or a C;+C4
20 straight or branched alkyl group and R, is a C;+C, straight or branched alkyl
group or with orthoesters of formula R{C(R;); when at least R, is an alkoxy
group. '
When, on the other hand, -R in the compounds (IIT) represents a group
of formula B, said group is typically introduced by reacting the compound (II)
25  with the suitably selected anhydride of formula (R3CO),0.
When -R in the compounds (III) represents a group of formula A,
preferred compounds are those wherein both Ry and R, are C;+C, straight or

branched alkyl groups; more preferred are those wherein both R; and R, are



When -R in the conpounds (I11) represents a group of fornula A, preferred
conpounds are those wherein both RL and R2 are Cl=--C4 straight or

br anched vad ky/k4182 oups; nore preferred are those wherein bPCHWERL/BOY R2 are
WO 02/ 44132 PCT/ EPO1/ 13939 7 Cl=C4 st:yai ght al kyl groups; and even nore
preferred are those wherein both Rl and R2 are nethyl. Another group of
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inert aprotic organic solvents, and the mixtures thereof.
The reaction is carried out using at least the stoichiometric amount of
15 the reactants but preferably at least a slight excess of the reactant introducing
the protecting group with respect to the starting compound (II).
~ Needless to say that if a compound of formula (III) is desired wherein —
R is a group A, at least two mol of the corresponding aldehyde or ketone (also
in the form of the corresponding acetal or ketal) or orthoester have to be
20 employed per mol of starting compound (II); while when a compound (III) is
desired wherein —R is a group B then at least four mol of the corresponding
anhydride must be used. In both cases, however, at least a slight excess, e.g. at
least an excess of about 5 % by mol over the stoichiometric amount is
typically employed, a molar excess of up to about 50 % being preferred.
25 The reaction is typically carried out at room temperature but lower or
higher temperatures may as well be employed. As an example, temperatures in
the range of from about 5 °C to about 60 °C proved to be suitable for step a).

The introduction of the protecting group in step a) is preferably carried



the range of fromabout 5 C to about 60 C proved to be suitable for step
a). The introduction of the protecting group in step a) is preferably
carried WD»O024i«44132 PCT/ EPO1/ 13939 8 out under slightly BCTAEReI3D3Y eacti on
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For the preparation of the most preferred compound of formula (III)
wherein —R is an A group wherein R; and R, are both methyl groups, the

15 preferred reactant is acetone in the presence of a.small amount of a tri-
(C1+Cy)alkyl orthoformate or 2,2-dimethoxypropane, while for the preparation
of the compounds of formula (III) wherein —R is an A group wherein Ry is
hydrogen and R; is a C;+C, straight alkoxy group, the preferred reactants are
the corresponding tri-(C;+Cy)straight alkyl orthoformates.

20 In the actual practice, in the above case, the reaction will be preferably
carried out by dripping a mixture of an excess over the stoichiometric of the
suitably selected ketone/ketal or orthoformate together with a catalytic
amount, typically about 0.1 mol per mol of compound of formula (II), of a
strong acid, preferably sulfuric or methanesulfonic acid, into a solution of the

25 compound of formula (II) in a dipolar aprotic solvent, typically N,N-
dimethylacetamide. |

Once the reaction, that may take from few minutes to 30 hours to be

complete, is over, the protected compound of formula (III) wherein —R is a



conplete, is over, the protected conpound of forrmula (I1l) wherein -Ris a
WO 02/ 44132 PCT/ EP01/13939 9 group of forrmula Ais isolated, through
neutral i d0obomief the acidic catalyst, precipitation of POFEBHEsI3pI
compound (I11) by the addition of a dilpted (generally 3 % by wei ght)
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supported on a resin. tion, that "typically may take froma
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pyridine, may be employed.
In the actual practice the reaction to get the compounds of formula (III)
15 wherein —R is a compound of formula B will be preferably carried out by
dripping a mixture of an excess over the stoichiometric of the suitably selected
anhydride (R3CO),0 and a catalytic amount, typically from 0.01 to 0.1 mol
per mol of compound of formula (II), of 4-(dimethylamino)pyridine in a
solution of the starting compound of formula (IIT) in N,N-dimethylacetamide.
20  The 4-(dimethylamino)pyridine may be added to the reaction mixture as such
or supported on a resin.

Once the reaction, that typically may take from a couple of hours to one
day, depending on the reaction conditions employed, is complete, the
protected compounds of formula (III) wherein —R is a group of formula B are

25 precipitated from the reaction mixture by dilution with water or/and ethanol
and isolated by filtration.

Step b) in the overall process outlined above consists in the acylation

reaction of the primary amino group of the compounds of formula (III), with



WO 02/ 44132 PCT/EP01/13939 10 at least 1 nol of (S)-2-(acetyl oxy)propanoyl
chloride to give the conpounds of fornula (IV). The reaction is usually
carried ovwoor/mian i nert dipolar aprotic solvent such as PCI/EP01/13939

NN- di met hyl acet am de, NN-di net hyl f or mam, de, 1-nethyl-2- 5 pyrrolidone and
the like solvents and in presence of an“acid. Acids that can suitably be

T oducdl G Re! PEIS P e ShGiSras e P RO ¢
di pol ar a(ng%}é{'r%lllg?{[\\/fnts enpl oyed, such as the N, N- dinethyl acetan de
hydr ochl or’i -~ preferably - by bubbling the anhydrous 10 hydrogen
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protecting group o r oxy oxoproopyl’)am no]~is pretede

cl ea e of i i ;i r boxam do hydr ox roups under
N dfo@@n%@%&e o5 ?ﬁﬁgﬁf&qﬁg?ﬁﬁg #gﬁt&&. y y group

aci dic conditions. en-on t a conmpound (I1V) is enployed

wherein -R i's YO 02{A4L3a I BEEAFTOHEd B934 amount of from about 0.1 to about
0.4 mol per mol of product of formula (III).

The temperature for this step of the reaction is generally comprised
between about 5 and about 60 °C.

15 Preferably, however, the reaction is carried out at room temperature or a
temperature slightly above room temperature (about 45-50 °C).

The reaction of step b) is typically complete in a ﬁme comprised
between about 2 and about 20 hours, depending on the solvent employed and
the reaction conditions adopted.

20 In the following step c) all the acyl groups which are present in the
intermediate compound of formula (IV) are removed under basic conditions,
with prior cleavage of the cyclic protections under acidic conditions when R is
a group of formula A.

In particular when a compound (IV) is employed wherein —R is a group

25 of formula A, the basic hydrolysis to remove the acetyl protecting group of the
5-[(2-hydroxy-1-oxopropyl)amino] is preceded by cleavage of the cyclic
protections of the carboxamido hydroxy groups under acidic conditions.

When on the other hand a compound (IV) is employed wherein —R is a



11 group of formula B, all the acyl groups, i.e., the acetyl protecting

group of the 5-[(2-hydroxy-I|-oxopropyl)am no] substituent as well as the
four R3CWWO@Qroups, are renoved in one single step under bRET/EPCIONNI% i Ons.
The basic hydrolysis is carried out tyz'ﬁcally in water or in a mxture of
5 water and an organic solvent mscible"therewith such as a Cl=C4 straight

e i SR
11 Byt heo ey ey BB sty a8 e VRl iR o ROk,
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(1v) vvherﬁ'gsb eiﬁsa group A in water or in a mxture of water and an
organi c solvent mscible therewith such as a Cl=C4 straight or branched

RNy oS R R RIRLE, MBSt 10 1 1. e,
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carried o at a tenperature slig 01/ 1
temperature but temperatures of from about 10 °C to about 60 °C proved to be

useful.
| As indicated above, when in the compound of formula (IV) —R is a
15 group of formula A, the basic hydrolysis of the acetyl group has to be
preceded by the cleavage of the cyclic protections of the hydroxy groups of
the carboxamido substituents under acidic conditions.
This is easily achieved by the addition of a strong cation exchange
resin, preferably Duolite C20MB, Amberlite IR120 or Amberjet 1200 (Rohm
20 & Haas) or of an aqueous solution of a strong mineral acid, e.g. hydrochloric
or sulfuric agid, to a solution of the compound of formula (IV) wherein —R is a
group A, in Water or in a mixture of water and an organic solvent miscible
therewith such as a C,+C, straight or branched alkanol, or a dipolar aprotic
organic solvent such as N,N-dimethylformamide, N,N-dimethylacetamide, 1-
25 methyl-2-pyrrolidone, and the like solvents.
The amount of acid required in this step is comprised between about 0.2
and about 0.4 mol of acid per mol of compound of formula (IV) wherein —R is

a group A. The reaction is preferably carried out at a temperature slightly



above roomtenperature, e.g. conprised between about 40 C and about 55 C
and is typically conplete in 2 to 5 hours depending on the reaction

condi ti omeoenplieyed. The hydrol ysis under basic conditi onBCT/B8P§1/BPI t he end
iopam dol is then 5 just obtained by ?gding an aqueous sol ution of NaOH or
KOH directly thereto in such an anmount“to keep the pH between about 10 and

about 11 ihe. FshalbanahuLhe Praguatisof Lavoul apbh) 40 o Liie B3I 5

aqueous aih sual I'y carried out by passing the

sol ution systelr i Qi o resi a Jonal |y t a
nanof | tr a0t SReuls PR Bl CBIACHE YT S AR e BEpHER

EP- A- 888, o I crystallization of the product (I) froma | ower
al kanol , J&Pddg]:s)gé ieglﬁggygg' instance in US-A-5,571,941. A further specific
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strai ght ranche roup or a straight or branched al koxy
TRTS & or oup! K SPaRTRRE oF her BRRICSE Toma Pl YDRLE) bl Bk, M, nehea
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and R2 ar g M0n0sf 46132 LhinEEAE6th3% R optionally through a nanofiltration unit,

10 as described for example in US-A-5,811,581 or EP-A-888,190, followed by
crystallization of the product (I) from a lower alkanol, as described for
instance 1in US-A-5,571,941.

A further specific object of the present invention are the intermediate

compounds of formula (III) and (IV), wherein -R is a group of formula A

15
0. NHR O NHR

I I o! I
HN NHR \/U\N NHR
0 H 1 o
(Iv)

I OAc
Iy

0]
R= A= o><§l

wherein R; is a hydrogen atom, a C;+C, straight or branched alkyl group or a
C,+C, straight or branched alkoxy group, and R, is hydrogen, a C{+C, straight
or branched alkyl group or a C;+C, straight or branched alkoxy group.

20 Preferred among the compounds of formula (III) and (IV) wherein —R is
a group A are those wherein R; and R, are C;+C, straight or branched alkyl
groups; more preferred are those wherein both R; and R, are C;+Cy straight

alkyl groups; and even more preferred are those wherein both Ry and R, are



13 nmethyl. Another group of preferred conmpounds (I111) and (1V) wherein -R
represents a group A are those wherein RL is hydrogen and R2 is a C1-C4
strai ght vab koxm3nroup. 5 The foll owi ng exanpl es are only BCTVEHO1ZK3939Ur t her
illustrating the present invention inygome of its preferred enbodi nents
but should not be interpreted as a linitation to the scope thereof.

Exanpl e Il\TnE{ arati on of
5- am no- bi s(2, 2-di net hyl -1, 3-di oxan-5-yl)-2,4,6-triiodo- 10

2 2. Dot Rﬁi;pﬁéﬁgfr%i‘”%% 0 PhefegfEd C?@&%MSBWZE AL P25t Y b

Elmn{oéuﬁ&efoﬁ&%%?‘ﬁﬂ LB 4 e e SR N AL R d G om

1472050) d g bp%%tu?,m de (90 m.) sti rred at roomterrperature After 15
20 hours unci r stlr i he solution is neutralised wi t h NaHCO3 and

concenirat ed 5 ﬁﬁg@ B

t hen gzjded to e ob tai ned ol ﬁﬁ?ﬁsﬁ‘% gn?ﬁ)alt e SO|I esll\?gcov%tgngg Eﬂﬁ)
filtrati Ojgi'e@@ﬁjt ‘PﬁxYe?ft?drl '1&%&&%!‘ &Q?I%tf&%@&"erh%&hﬂ&lﬁs utC@H@LQM”ﬂonbet he
title g, 16.5 mml after drying). 20 Yield: 64 % The 1 H NVR, 13C NVR,

| R and Nﬁn@é@reeasasset ﬁﬁhté’ﬁ&rﬁéﬂ%éd@)ﬂi@%&%ﬁ structure. Exanple 2

Preparation 5-am no-N. N -bi s(2 oxy-1, 3-di oxan- 5-
1)-2,4,6-triiodo-1,3- 25 benzenedi cpk de ((Il'l): -R =a group A
wherein R is hydrogen and R2 is ethox Methanesulfonic acid (0.27 g, 2.8

mol ) andpidpa@itiyh S Sbahoidrar & b(1 22D dmefiy141 B'U@i'okaﬁfﬁ%&géqriii@d& hour

into a solution o e conpoun
10 1.3-benzenedicarboxamide (( III). -R = a group A wherein R; and R, = methyl)

2,2-Dimethoxypropane (9.5 mL, 77.8 mmol) and 98% sulfuric acid
(0.25 g, 2.6 mmol) are dripped into a 0.5 L vessel containing a solution of the
compound of formula (II) (18.3 g, 25.9 mmol) (prepared as described in
GB1472050) in dimethylacetamide (90 mL) stirred at room temperature. After
15 20 hours under stirring the solution is neutralised with NaHCO; and
concentrated under vacuum. Acetone (250 mL) and 3 % aq. NaHCO; (50 mL)
are then added to the obtained oily residue and the solid is recovered by
filtration and crystallized from 70% ethanol to give the compound of the title
(13 g, 16.5 mmol after drying).
20  Yield: 64 %
The IH-NMR, 13C-NMR, IR and MS are consistent with the indicated
structure.
Example 2
Preparation of S5-amino-N,N’-bis(2-ethoxy-1.3-dioxan-5-yl)-2.4.6-triiodo-1,3-

25 benzenedicarboxamide ((IIT): -R = a group A wherein R, is hydrogen and R, is

ethoxy)
Methanesulfonic acid (0.27 g, 2.8 mmol) and triethyl orthoformate

(9.25 g, 62.4 mmol) are dripped in 1 hour into a solution of the compound of



formula (11) (20 g, 28.4 mmol ) (prepared as described in GB 1472050) in
N, N- di net hyl acetam de (150 rL) stirred at 25 C. After 1 hour the solution
is neut vadbzed3m th NaHCO3. The sol vent is evaporated unBeT/Er@cisosn and t he
oily residue is taken up with ag. 5 % NaHCO3 (300 nlL). 5 The solid thus
obtained is filtered and crystallized i ce from 70% ethanol to afford the

comPounS £ pAIE 5B b Ak el PRl s BB BT A0S IR
ANCARETN T A B (R RS R T
Rkt M te R AN 10 SR R S

S e SR L PSRBT, e, wier 15 mim
(e react | on T UGt SuREUSTARES, MR AR M i BT,

poured inteo 1% aq. causi ng t format | f a ite precipitate
t hat , aft%t a]i%fﬁo ﬁi&%??@ﬂ&?gioﬁﬁgggve@ég?ﬁyci%f?mrpg fon, washed with
H20 and Lleig 6&@ solid is then suspended in absolute ethanol (600 ni),
refluxed fOF 3°Rolfrs and allowed to cool to room tenperature. The solid is

comound BR%: ni-ER, *TESSES TSR NS, 00 b ahih e’ Tfishfisg ",

The 1H- N@%ﬁ%NNR, IR and M5 are consistent with the indicated

O

structure. /44132 PCT/ EP01/ 13939 15 Exanple 3
10 , Example 2 bis
Alternative preparation of of 5-amino-N.N’-bis(2-ethoxy-1.3-dioxan-5-vI)-

2.4.6-triiodo-1.3-benzenedicarboxamide ((III): -R = a group A wherein R, is

hydrogen and R, is ethoxy)

Triethyl orthoformate (18.6 g, 125.5 mmol) is added over 3 min to a
15 solution of the compound of formula (II) (40 g, 57 mmol) and
methanesulfonic acid (0.55 g, 5.7 mmol) in N,N-dimethylacetamide (2100 mL),
stirred at room temperature. After 15 min, the reaction mixture is neutralized
with 1M NaOH (5.7 mL, 5.7 mmol) and N,N-dimethylacetamide is distilled to
give an oily residue. The latter is poured into 1% aq. NaHCO3 causing the
20  formation of a white precipitate that, after 15 h under stirring, is recovered by
filtration, washed with HyO and dried. The solid is then suspended in absolute
ethanol (600 mL), refluxed for 3 hours and allowed to cool to room
temperature. The solid is recovered by filtration, washed with EtOH (30 mL)
and dried to afford the compound of the title (40 g, 48.95 mmol) as a white
25 solid.
Yield: 86 %.
The 1H-NMR, 13C-NMR, IR and MS are consistent with the indicated

structure.



2,4,6-triiodo-1, 3- benzenedi car boxam de ( (I - -Ris a group B where R 1is

Preparation of N N -bis[2-acetyl oxy-I-[(acetyl oxy nethyl]ethyl]-5-am no-
1)
meth 1 5weeriadanhydride (9 nL, 95 mml) is dripped intorPar/Epepsny on of

the conmpound of forrmula (I1) (7 g, 10 grm)l) (prepared as described in GB
1472050) in pyridine (40 nL) stirred at°25 C. After 3 hours, the sol ution
obt ai ned i s added dropw se to dei o(rj]fized y\e/gger (0.3 L) and the precipitate

WtR

% acetic acid, then with

is recovered by filtration, washe
dei oni zed, 10 %tr, '

C for 12 ot o obtartrtheconpount—otr—the trtre-t 1669 ~9imt 1% vi el d
90 % The ] ersl
struct ur € T — 3 A Te AT E e AL Fepe 3-15

N. N -bi s[ Z-acaiyl ox-11-[ (acetyl oxy) net hyl ] et hyl ] -

5-am no- Z746=trii odo- 1, 3- benzenedi carboxam de ((Ill : -Ris a group B

105558 o TN B BGEETEHES LT R B o
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to obtain the compound of the title (7.86 g, 9 mmol).

Yield: 90 %

The 1H-NMR, 13C-NMR, IR and MS are consistent with the indicated

structure.

15 Example 3 bis

Alternative preparation of N.N’-bis[2-acetyloxy-1-[(acetyloxy)methyllethyl]-

5-amino-2.4.6-triiodo-1.3-benzenedicarboxamide ((III):

R; is methyl)
The compound of formula (IT) (1486 g, 2.1 mol) is loaded into a 10 L

20 reactor containing N,N-dimethylacetamide (1.7 L) and 4-dimethylamino-
pyridine (12.9 g) is then added thereto. Acetic anhydride (0.9 kg, 8.82 mol) is
dripped therein over about 1 hour keeping the temperature below 30 °C. The
reaction mixture is stirred at room temperature for 20 hours, and then diluted
with 96% ethanol (7.5 L). The precipitate is filtered, washed with 96% ethanol

25 (2 x 1L) and dried to give the compound of the title (1715 g, 1.96 mol).

Yield: 94 %
The IH-NMR, I3C-NMR, IR and MS are consistent with the indicated

structure.



acet yl oxy-1|-oxopropyl)am no]-2 4,6-triiodo-1, 3-benzenedi carboxam de (1V): -
Ris a group B wherein R3 is nmethyl) 5 The conpound prepared in Exanple- 3
(11 g, 12y@orwwB) is dissolved in N, Ndinetylacetam de (PODERLI)13g3nt ai ni ng
gaseous HC1 (0.055 g, 1.5 mml) and tTg solution is maintained at a
tenperature conpri sed between 15 and C. (S)-2-(Acetyl oxy) propanoyl

chloride (4.75 g, 31.5 nml) is dri erein over 30 mn. and the
EQ%?A ﬁ%ﬂc for 10 20 hours. The sol vent

obt ai ned reactlon m Xture is stirr

washed and. drq ed ' 2|
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consistent w't e Indicate cture.
taken up with 4 % aq. NaHCO; (250 mL). The obtained precipitate is
recovered by filtration, washed and dried to yield the compound of the title
(9.9 g, 10 mmol).
Yield: 80%
15 The H-NMR, 13C-NMR, IR and MS are consistent with the indicated
structure.

Example 5

Preparation of (S)-N,N’-bis(2,2-dimethyl-1,3-dioxan-5-yl)-5-[(2-acetyloxy-1-

aminol--2.4.6-triiodo-1.3-benzenedicarboxamide

20 group A wherein R; and R, are methyl)

The compound prepared in Example 1 (15 g, 19 mmol) is dissolved in
N,N-dimethylacetamide (80 mL) containing HCI gas (0.073 g, 2 mmol). (S)-2-
(Acetyloxy)propanoyl chloride (8 g, 53 mmol) is dripped over 30 min into the
obtained solution cooled to 15 °C. After two hours at the same temperature,

25  the reaction mixture is allowed to warm up to room temperature and stirred for
additional 12 hours. The solvent is then evaporated under vacuum and the
residue is taken up with 4 % NaHCO; (130 mL). The solid obtained is filtered,

washed and dried to give the compound of the title (14 g, 15,6 mmol).



Exanple 6 5 Preparation of (S)-NN -bis[2-h

ddr oxy- | - (hydroxynet hyl ) et hyl ] -5-[ ( 2-

hydr oxy- Woxppriepyl ) am no] - 2, 4, 6-triiodo- 1, 3- benzenedi car PORERVIABIZI )
(S)-N,N -Bis [2-acetyloxy- 1 - [(acetyh}zxy) met hyl] ethyl]-5 - [(2-acetyl oxy
1- oxopropyl)am no] -2,4,6-triiodo-1, 3-bénzenedi carboxam de (4.9 g, 5 mmmol)
pr epar ed 'nd%igﬁr%e 4 is adm xed wth deionized water (30 nL) and net hanol

10 (30 niL ! spension is warmed to 50 C, then 2M NaOH (12.8 nl) is

dripped t ef &N, ofipd u epi ng: fthe m rein
t he rang@ﬁ%fllaflg Oalt%@' Qﬁgl’héRsc#@t ?\%% %ﬁge %t?iﬁ ?]fsltt%g[ gér?ﬂi(i)otrll1 ee>?<r(1: 1§)é{gee

resi ns C&M?e and the neutral eluate thus obtained is concentrated under
vacuum an e'residue is crystallized fromethanol to give the conpound
of the title 15 (2.8 g, 3.6 mml) ¥ield; 2% [a L% = - 5.15 (40 % H20).
The 1H NVR, 13C-NWR, IR and M5 are cons s¥ent with the indicated

A0 WRdrb SV abth e
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1M NaCH ( ri ppe eréin over a perio urs to ‘keep
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the reaction mxture | cooled to roomtenperature a pur on 1onic

exchange (R5| ﬂﬁ@sﬂsﬁrﬁn%ﬁﬁnw% b i,?ggl r%L'I\gi NSOERTL @hAd) and the

resi due obtained 1s cr i ze rom et hano The 'solid i’s

filtered anfpel tedeliP o9kY 8 Jifo £ BB s CkedfiRgltht g Othé mBtuf? in the

range of from 10 to 11. The solution is purified on ion exchange resins

columns and the neutral eluate thus obtained is concentrated under vacuum
and the residue is crystallized from ethanol to give the compound of the title
15 (2.8 g, 3.6 mmol)
Yield: 72%.
o ]2,= - 5.15 (40 % H,0).
The 1H-NMR, I3C-NMR, IR and MS are consistent with the indicated
structure.
20 Example 7

Alternative preparation of (S)-N.N’-bis[2-hyvdroxy-1-(hydroxymethv]ethyl]-5-

2-hvdroxv-1-oxopropyllamino]-2.4.6-triiodo-1.3-benzenedicarboxamide (1

0.2 M HCI (15 mL) is added to a solution of (5)-N,N -bis(2,2-dimethyl-
1,3-dioxan-5-y1)-5-[(2-acetyloxy-1-oxopropyl)amino]--2,4,6-triiodo-1,3-

25 benzenedicarboxamide (9 g, 10 mmol) prepared as described in the Example

5, in methanol (60 mL), and the obtained mixture is stirred at 50 °C for 2

hours, and then cooled to 40 °C. 1M NaOH (14 mL) is then dripped therein

over a period of 2 hours to keep the pH between 10.5 and 11.



5 mol). Yield: 90 % The 1 HNWR, 13C-NVR, IR and MS are consistent with
the indicated structure. Exanple 8 10 Alternative preparation of

(S NN - bive@ B2/6z oxy- | - (hydr oxynet hyl )ethyl]-5- [(2-h PCT/EP01/13939

dr oxy-| - oxopr opyl ) am no] - 2, 4, 6-trii odo-1, 3- benzenedi car boxam de (1)

5- Am no- N, N - bi 5( 2, 2- di rrethyl 1,3-di oxaR. 5-y1)-2, 4, 6-triiodo-1, 3

Beanpl e 5. Tho o NN ORr Foe BgibortFIIE 10 cobfod B @2??%%% ofxy-
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roxy- | s oxgnn P@ am no] 2,4,6-triiodo-1, 3-benzenedi carboxam de (1)
(S)-2-{Acet y xy)propanoyl chloride (16.5 g, 110 mvol) is added, over 25 a
period of vz gpot0 a stirred solution of N N -bis[2-acetyloxy-I-

[ (acetyl oxy rret hy°] ethyl]-5-am no-2,4,6-triiodo-1, 3 benzenedi car boxam de
(53.3 g, ell R NIBCNEret iy t (

terrperaturi1 of Wﬁh\kr éac?licon mﬁgt]gar/ elrg\%‘ gge J&}E mltgngﬁgﬁgﬁﬁ?%f (S
WO 02/ 441§§, g’ﬁ;‘[éEPOl/ 13939 19 2-(acetyl oxy)pr opanoyl chloride (0.9 g, 6.0
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[(2- hydroxy 1-oxopropyl)amino]-2.4.6-triiodo-1,3-benzenedicarboxamide (1)
5-Amino-N, N -bis(2,2-dimethyl-1,3-dioxan-5-yl)-2,4,6-triiodo-1,3-

benzenedicarboxamide prepared as in Example 1, is reacted as described in

Example 5. The (S)-N,N’-bis(2,2-dimethyl-1,3-dioxan-5-yl)-5-[(2-acetyloxy-
15  1l-oxopropyl)amino]--2,4,6-triiodo-1,3-benzenedicarboxamide obtained from

the reaction is not isolated, but directly deprotected according to the method

described in Example 7 above to give the compound of the title.

Yield: 74 %.

The I1H-NMR, I3C-NMR, IR and MS are consistent with the indicated
20  structure.

Example 9

Alternative preparation of (S)-N. N ’-bis[2-hydroxy-1-(hyvdroxymethylethyll-5-

2-hydroxy-1-oxopropvllaminol-2.4.6-triiodo-1.3-benzenedicarboxamide (I

(S)-2-(Acetyloxy)propanoyl chloride (16.5 g, 110 mmol) is added, over

25 a period of 20 min, to a stirred solution of N,N’-bis[2-acetyloxy-1-
[(acetyloxy)methyl]ethyl]-5-amino-2,4,6-triiodo-1,3-benzenedicarboxamide

(53.3 g, 61.1 mmol) in N,N-dimethylacetamide (75 ml) while keeping the

temperature of the reaction mixture below 30 °C. An additional amount of (S5)-



After 2 h the hydrolysis is conplete, the solution is concentrated to half
vol unme, extracted with CH2C12 (6 x 100 nmlL) and | oaded onto two ion
exchange west/mi1enl ums (Dowex(r) C350, H+ form 200 ni; ReCTEefuwisdMd , OH
form 160 nlL) that are eluted with watefy. The eluate is evaporated and 10
the solid residue (49 g) thus obtained'is crystallized from ethanol (450
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2 hours 1Into the reaction mixture vigorously stifred at 45C. After two

hours theg¥P Rend4E® CYAk0E188Y with Wa%éxu Bhd éh&Q@%@v%gbﬁﬂe&' %%r)

vacuum and reintegrated Wwith additional N, N direthyl acetam 200
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which is diluted with water 0 and nanofiltered. "The retentate is
| oaded onipaded drbesd | AIIﬁBéﬁlltéQDXAQDQ(G 00 resin column (160 mL) that is eluted

with water. The eluate is evaporated and the residue dried to afford lopamidol

(40.0 g, 51.5 mmol) as a white solid.

15  Yield: 84 %
o 5= - 5.17 (40 % H0).
Example 10

Alternative preparation of (S)-N.N’-bis[2-hydroxy-1-(hydroxymethyl)ethyl]-5-

2-hydroxy-1-oxopropvl)amino]-2.4.6-triiodo-1.3-benzenedicarboxamide (I

20 (S)-2-(Acetyloxy)propanoyl chloride (16.5 g, 110 mmol) is added, over
20 min, to a stirred solution of = N,N’-bis[2-acetyloxy-1-
[(acetyloxy)methyl]ethyl}-5-amino-2,4,6-triiodo-1,3-benzenedicarboxamide
(53.3 g, 61.1 mmol) in N,N-dimethylacetamide (75 mL) while keeping the
temperature of the reaction mixture below 30 °C. A further amount of (S5)-2-

25  (acetyloxy)propanoyl chloride (0.9 g, 6.0 mmol) is added after 24 and 30
hours and the reaction mixture is stirred at the same temperature for additional
15 hours. 5SM NaOH (90 mL, 450 mmol) is dripped over a period of 2 hours

into the reaction mixture vigorously stirred at 45°C. After two hours the



resin colum (160 nL) that is eluted with water. The eluate is concentrated
and | oaded onto two ion exchange resin colums (Dowex(r) C350 15 ni,
Relite(rwomi44182 ). The eluate is concentrated and the BOT/EBIWVIBS39due iS
10 crystallized fromethanol to afford_|opam dol (41.2 g, 53 nmol). Yield:
87% k 1436 5.19 (40 % H20). WD 02/ 441320 PCT/ EPO1/ 13939 21 CLAIMS 1.
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compound (ﬁ;ngtﬁ}rrﬂl%le%rﬁilcfel %2 X 20 mL). The mother liquors, combined with the
5 washings, are concentrated to an oily residue, which is diluted with water (200
mL) and nanofiltered. The retentate is loaded onto an Amberlite® XAD-16.00
resin column (160 mL) that is eluted with water. The eluate is concentrated
and loaded onto two ion exchange resin columns (Dowex® C350 15 mlL,
Relite® MG1 10 mL). The eluate is concentrated and the solid residue is
10 crystallized from ethanol to afford Iopamidoi (41.2 g, 53 mmol).
Yield: 87%
o [2,= - 5.19 (40 % Hy0).



ONHR 1, I HNNHR a1 O (Ill) 10 wherein -Ris a group of fornmula A or
B CONFI RVATI ON COPY WD 02/ 44132 PCT/ EP01/13939 22 A= O~GRL OR2 OCOR3
B=~ OCOR3vOB2w1ezein Rl is a hydrogen atom a Cl-C4 strai por/ERsy/B3panched

al kyl group or a C1 -*C4 straight or branched al koxy group, R2 is
hydrogen, a Cl-C4 straight or br anchedlal kyl group or a Cl1-C4 straight or
branched al koxy group and R3 is a Cl=C4 straight or branched al kyl group,
atriflu or a trichoronethyl group; 10 b) acylating the am no
group in position 5 of the internediate conmpound of fornmula (I111), by
reaction with a (S)-2- (acetyl oxy) propanoyl chloride to give a corrpound of

formula (JV) NUR O | \~ N~ | NHROACH @) r.ei as
def i ned aJoove NEST) f@ﬁowthﬁ al PrepREatiesy | o upégjp}\fﬁs] ft?ﬂmqﬁrp}f 8X¥" fpound
of formil &ydroxymethyl)ethyl]-S—[(2-hydroxy- 1-oxopropyl)amino]-2,4,6-triiodo-1,3-

5 benzenedicarboxamide of formula (I)
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starting from the compound of formula (II)
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1)
which process comprises
a) reacting the compound of formula (II) with a suitable protecting agent,

to give a compound of formula (I1T)

O NHR
I I
NHR

I O
(II)

H,N

10 wherein -R is a group of formula A or B
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15 under basic conditions, with prior cleavage of the cyclic protection
under acidic conditions when Ris a group of formula A 2. The process of
claiml1l wheopi4132in the internedi ate conpound of fornul ap¢T/EP)1/BBI%I ned in
step a), -Ris a group A 3. The procei of claim2 wherein Rl and R2 are
Cl=C4 straight alkyl 20 groups. 4. Thé&process of claim1 wherein, in the
i nternedi ate conpound of forrmula (lI11) obtained in step a), -Ris a group
B. WD 02/44132 PCT/ EP01/ 13939 23 5. The process of claim4 wherein R3 is a
Cl-C4 straight al kyl group. 6. The proge gf claim2 wherein step a) is
carried out by reacting the conpya of f la (1) with at |east 2 nol
per nol of conmpound (11) of a conpound—€klected from

di - (Cl- C4) al koxy- et hane, al dehydes and ketones of 5 fornula RLCOR2

(possibly in the correspondi ng acetal dehrl related fornms) wherein Rl
is a hydrogen atomor a Cl=C4 stlfBa;g.h.\@r brahched al kyl group and R2 is a

Cl=C4 straight or branched al kyl group E‘fb thoesters RL C(R2)3 when at
| east R2 is an al koxy group, in the presence df fromabout 0.1 to about 2
nol of_an acid
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from about 0.1 to ali)out 0.4 not per not of product of forrmula (I11) of an
acid. 9. FHOBIWREY I SfOWai m 2 wherein renoval of the acyl group of the
d of f | I wh in -Ri . f | a.A und bas 20
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to give a compound of formula (IV)

O+ NHR

av)
wherein R is as defined above; and
c) removing all the acyl groups present in the compound of formula (IV)
15 under basic conditions, with prior cleavage of the cyclic protection
under acidic conditions when R is a group of formula A
2. The process of claim 1 wherein, in the intermediate compound of
formula (III) obtained in step a), -R is a group A.
3, The process of claim 2 wherein R; and R, are C,+C, straight alkyl
20  groups.
4. The process of claim 1 wherein, in the intermediate compound of

formula (III) obtained in step a), —R is a group B.



m xture between 10 and 11 by the addition of a strong inorganic base, and
Is preceded by cleavage of the cyclic protections of the carboxam do
hydr oxy wgooupsa3under acidic conditions. 25 10. The proceBeTr/@abPoicizaiom 4
wherein renmoval of all the acyl groups émder basi c conditions of step c)
is carried out in water or in a mixturé of water and an organi c sol vent
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or a Cl
when at least R, is an alkoxy group, in the presence of from about 0.1 to about

2 mol of an acid per mol of compound of formula (II).
10 7. The process of claim 4 wherein step a) is carried out by reacting the
compound of formula (II) which at least four mol of an anhydride (R3CO),0
per mol of compound of formula (II) in the presence of catalytic amounts of 4-
(dimethylamino)pyridine in a dipolar aprotic organic solvent.
8. The process of claim 1 wherein the acylation of step b) is carried out by
15 reacting the compounds (III) with at least one mol of (S)-2-(acetyloxy)-
propanoyl chloride in an inert dipolar aprotic solvent and in presence of from
about 0.1 to about 0.4 mol per mol of product of formula (III) of an acid.
9. The process of claim 2 wherein removal of the acyl group of the
compound of formula (IV) wherein —R is a group of formula A under basic
20  conditions according to step c) is carried out in water or in a mixture of water
and an organic solvent miscible therewith, keeping the pH of the reaction
mixture between 10 and 11 by the addition of a strong inorganic base, and is
preceded by cleavage of the cyclic protections of the carboxamido hydroxy
groups under acidic conditions.
25 10. The process of claim 4 wherein removal of all the acyl groups under
basic conditions of step ¢) is carried out in water or in a mixture of water and
an organic solvent miscible therewith keeping the pH of the reaction mixture

between 10 and 11 by the addition of a strong inorganic base.



branched al koxy group. 14. A conpound of claim 13 wherein Rl and R2 are
both a Cl=C4 straight or branched al kyl group. 15 15. A conpound of claim
14 whereiwOoRl44aBrl R2 are both a Cl=C4 straight al kyl grop@r/ER@G/13839%conmpound
of claim 15 wherein RL and R2 are both_methyl. 17 A conpound of claim 13
wherein RL is hydrogen and R2 is a Cl=¥h  strai ght al koxy group. 20 18. Use

of a compound of claim 13_.as internmedi ate in a process for t.he.,,manufacture
of iopam:)]o]ol (Ihe process of Clamm . T0 querem the organic solvent miscible WIL

water is selected from the group comsisting of C;+C4 straight or branched

alkanols and the dipolar aprotic organic solvents and the pH of the reaction

mixture is maintained between 10 and 11 by the addition of an aqueous
5  solution of NaOH or KOH.

12. The process of claim 1 wherein the intermediate of formula (IV)

obtained in step b) is further reacted without being isolated.

13. A compound of formula (III) or (IV)

O._NHR 0._NHR
I I 0! I
HN NHR \/KN NHR
I O oac®E 1 0O
(I1D) (V)
R= A= Ok,
o Ae <k,

wherein —R is a group A wherein R; is a hydrogen atom, a C;+C, straight or
10  branched alkyl group or a C;+C, straight or branched alkoxy group, and R is
hydrogen, a C;+Cy straight or branched alkyl group or a C;+C, straight or
branched alkoxy group.
14. A compound of claim 13 wherein R; and R, are both a C;+C, straight or
branched alkyl group.
15 15. A compound of claim 14 wherein R; and R, are both a C{+C4 straight
alkyl group.
16. A compound of claim 15 wherein R, and R, are both methyl.
17 A compound of claim 13 wherein Ry is hydrogen and R, is a C;+C4
straight alkoxy group.
20 18. Use of a compound of claim 13 as intermediate in a process for the

manufacture of iopamidol (I).



